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Abstract

Thedesignof anAcceleratorProductionof Tritium (APT)
facility being investigatedat Los Alamos includesa lin-
ear acceleratorusing superconductingrf-cavities for the
accelerationof a high-currentcw protonbeam. For elec-
tronacceleratorswith particlesmoving at thespeedof light
(
������� �

), resonatorswith a roundedshape,consistingof
ellipsoidal and cylindrical sections,are well established.
They arereferredto as“elliptical” cavities. For the APT-
design,thisshapehasbeenadaptedfor muchslowerproton
beamswith

�
rangingfrom 0.60to 0.94.This is a new en-

ergy range,in which resonatorsof an elliptical type have
never beenusedbefore.Simulationswith thewell-proven
electromagneticmodelingtoolsMAFIA andSUPERFISH
wereperformed. The structureshave beenoptimizedfor
their rf andmechanicalpropertiesaswell asfor beamdy-
namicsrequirements.The TRAK RF simulationcodeis
usedto investigatepotential multipacting in thesestruc-
tures.All thesimulationswill beput to afinal testin exper-
imentsperformedonsinglecell cavities thathavestartedin
ourstructureslaboratory.

1 THE CAVITY SHAPE

Superconducting5-cell cavities at a � -modefrequency of
700MHz will beusedfor themajorpartof theAPT facility.
Dueto the largevelocity acceptanceof thesecavities only
structuresfor two valuesof

�
(0.64 and0.82)areneeded

[1]. For eachvalueof
�

two differentcross-sectionshave
beendetermined,onefor themid-cellsandonefor theend-
cells,wherecompensationfor field penetrationinto theat-
tachedbeam-pipeis required.The choiceof cavity shape
madeuseof previous designexperienceat other labs, in-
cludingCornell,KEK andDESY [2]. Figure1 shows the
shapedescriptionfor thechosengeometries.Theshapeof
both the medium-

�
(0.64) and the high-

�
(0.82) cavities

useselliptically shapednoses,straightsidewallsanda cir-
culardome.Theuprightnoseellipseshave anaspectratio
of 2:1.

In a first step the shapesof the resonatorswere de-
terminedto minimize electricand magneticpeaksurface
fieldsasfaraspossible.Theresultingcavity shapesturned
out to lack sufficient mechanicalstability. The medium-�

structureneededstiffener support to sustainthe vac-
uum load without yielding the material. Encouragedby
recentcavity testsat JAERI for a

�
	���� 

superconduct-

ing cavity at500MHz[3], werevisitedtheproposedcavity
shapesandcameup with animproveddesignthathadless
steepstraightwalls while maintaininggood performance
in termsof rf properties. Table1 givesthe relevant geo-

Figure1: Thedescribingparametersfor theelliptical cavity
shapes

metric parametersfor all 4 shapes.The designprocedure
usedfixed beam-pipeaperturesbasedon beam-dynamics
requirements,and fixed straightwall slopes(5 and 7 de-
greesin the first designand10 degreesfor both

�
values

in thefinal design).Theelliptical noseswerevariedto find
shapeswith goodpeak-fields.Theequatorradiushasbeen
usedto tunethecavities to theproperfrequency. All other
parametersfell into placeautomatically, assumingsmooth
transitionsbetweenthedifferentpartsof thecavity shapes.

�
0.64 0.64 0.82 0.82

cell-type mid end mid end
aperture[cm] 6.5 6.5 8.0 8.0
equator[cm] 19.95 19.95 20.1 2 0.1
majoraxis[cm] 10.00 12.00 14.00 17.80
slope[degree] 10.00 10.00 10.00 10.00
dome[cm] 3.233 2.811 4.969 4.167
cell-length[cm] 13.71 13.71 17.56 17.56

Theend-cellgeometriesuseinnerhalf-cellsidenticalto the
mid-cells.Theouterhalf-cell usesanequatorradiusanda
cell lengthidenticalto themid-cells,andtheelliptical nose
and the circular domeradii have beenusedto retunethe
cell to thedesired700MHz.

Thesimulationshave beendoneon singlecavity cells,us-
ing � -mode boundaryconditionsat iris positionswhere
neighboringcellsexist. This wassufficient andmoreeffi-
cient in optimizingthecellsfor theacceleratingmode.An
investigationof the higher order mode(HOM) spectrum
hasbeendonefor the full 5-cell geometry. Theseresults
will bereportedin a separatecontribution [4].



2 PERFORMANCE DATA

The electromagneticdesignof the cavity-cells has been
done� with MAFIA [5] andSUPERFISH[6]. Fromtheelec-
tromagneticfields, a setof secondaryquantitieshasbeen
derivedthatdescribetherf performanceof thesestructures
andtheir interactionwith thebeam.Table2 givesthenum-
bersfor the most importantquantitiesin a comparisonof
the mid-cells of the original designwith the new shapes
with largerside-wall slope.

�
0.64 0.64 0.82 0.82
new old new old����������� ���
1.02 1.08 1.34 1.35

GeometryFactor 162 177 213 215������� �
[  �"! ] 246 256 297 299#%$�&'�(#�)

2.94 2.96 2.48 2.50*+$,&��(#-)
[G/5MV/m] 355 340 305 303.0/ )21

[W] 8.13 7.32 9.25 9.16

Theunloaded
���

assumesasurfaceresistance( 354 ) of 15.96  ,
���-��� �

is the ratio of effective shunt-impedanceand� �
,
# $�& �7# )

and
* $�& �(# )

give the ratio of peaksurface-
fields over acceleratinggradient(

# )
=
# � �

).
.8/ )�1

is the
power dissipatedinto thecavity by theacceleratingmode.
Thesepower valuereflectthe dissipatedpower to achieve
the averageacceleratinggradient(5.16 MV/m at

�
=0.64

and5.92 MV/m at
�

=0.82) for the TM010 � -mode. The
transit time factor (T) for a particle with the design-

�
is

0.78for all mid-cells.
In termsof therf-parametersthereisonlyasmalldifference
in performancebetweenbothdesigns.Themajordriverfor
switchingto the new shapesis the potentialgain in struc-
tural stability. The increaseof power depositedinto the
medium-

�
cavities by 10 % doesnot have a significantef-

fect,sincemostof theacceleratorconsistsof high-
�

struc-
tures.Theresultsfor theend-cellsareverysimilar, theonly
majordifferencebeingthetransittime factorsthatareonly
0.59for the end-cells.This drop is partially compensated
by aincreasein

# �
, sothat

# � �
is only about10% smaller

thanfor themid-cells.

3 STRUCTURAL ANALYSIS

Somepreliminarystructuralanalysishasbeendoneon 2D
modelsof thecavity shapes[7]. Theshapeswith the10de-
greeslopesin the side-walls seemto be structurallymore
stable.Both shapescanwithstandthevacuumloadswith-
out stiffening. Theotherconsiderationin applyingstiffen-
ershasto do with raisingthe resonantfrequenciesof the
cavity mechanicalmodesto decreasethemicrophonicde-
tuning sensitivity in operation.Thesestudiesarecontinu-
ing. Evenif thesestudiesindicatethatstiffenersareneeded,
they canprobablybelesscomplex thantheconicalstiffen-
ersusedfor ourfirst single-celltestcavity with theoriginal
steeper-slopedside-walls.

Thechoicefor a10-degreeslopecamefrom theprelimi-
nary2D structuralanalysis.Themedium-

�
cavity showed

a clear minimum in von-Misesstressesfor a shapewith
a straightwall slopearound10 degrees(with and with-
out constrainediris). For the high-

�
cavity this minimum

wasnotsoclear, in factevenlargerinclinationsshowedthe
samesstressesas the 10 degreeslopedid. But, for these
largerinclinationstherf performancedeterioratedstrongly.
Thepeaksurfacemagneticfieldsalsoincreased,sodid the
frequency sensitivity with radiusvariations.

4 MULTIPACTING

Anotherconcernis the potentialfor multipactingin these
elliptical structures.So far experimentalresultsfor cavi-
tieswith

���9��� :�

at Cornell andSACLAY[8], aswell as

theabovementionedresultfrom JAERI, indicatethatthere
shouldbeno principalproblemfor suchgeometries.A fi-
nalresolutionof themultipactingaspectwill comefrom the
laboratorytestson single-cellstructuresthat is presently
underway in Los Alamos. To supportthe experimental
work, there is a numericalstudy under way at the Uni-
versity of New Mexico [9]. The TRAK RF codeis being
usedto investigatethesingle-cellgeometriesof bothcavity
shapesfor multipactingsusceptibility. First simulationsin-
dicatepossiblemultipactingfor valuesof

# )
between2.8

and4.5MV/m.

5 SINGLE CELL CAVITY TEST

Figure2: The tested
�

=0.64single-cellcavity with stiff-
ener

In the LANL superconductingstructureslaboratorywe
have completedassemblyof the equipmentfor a vertical
testof superconductingcavities at 700MHz undermoder-
aterf powerwithoutbeam.Wearepresentlytestingasingle
cell cavity at

�;	<�=� >7?
with theend-cellshapeof theorigi-

nalchoiceof geometry. This is seenasameaningfultestof
theoperabilityof cavities asproposedfor theAPT facility,
sinceit will providedataonthepresenceof multipactingin
themedium-

�
structuresandit will alsoprovidesomefield

performancedata. The end-cellgeometryof a multi-cell
cavity is morecritical in determiningperformance.This is
dueto a) thewider elliptical nosethatbringstheopposing
cavity walls closertogetherthan in the mid-cells, andb)
the steeperslopedside-walls result in opposingwalls that
are closerto parallelwalls, which increasesthe potential
for two-pointmultipacting.Thecavity usesniobiumwith a
RRR=250andmaterialof a thicknessof 1/8”. Thesespec-



ificationsareidenticalto theonesfor theplannedaccelera-
tor facility.
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